INTRODUCTION
The human gastrointestinal tract (GI) harbours a dynamic population of bacteria, archaea, fungi, protozoa 46 and viruses; the intestinal microbiota. This collection of microorganisms, comprising the human 47 intestinal microbiome (IM) (1) performs critical functions in digestion, development, behaviour and 48 immunity (2, 3). Modifications of the core IM composition (dysbiosis) have been associated with the 49 pathogenesis of inflammatory diseases and infections (3, 4) , including autoimmune and allergic diseases,  146  147  148  149  150  151  152  153  154  155  156  157  158  159  160  161  162  163  164  165  166  167  168  169  170  171  172  173  174  175  176  177  178  179  180 control sample 5 (SC2), 14 C AMS dating ( 14 C), isotope analyses (Iso), intestinal parasitic analyses (Ipa), scanning 186 electron microscopy (Sem) and the preservation of a voucher sample (indicated in green shading), C) Non-metric 187 multi-dimensional scaling (NMDS) plot comparing the taxonomic community structure (by weighted Bray-Curtis 188 dissimilarity analysis) of the BRS specimen (i.e., BRS2, BRS3 and BRS4) and the sediment controls (SC1 and 189 SC2) with the ancient (Ötzi) (indicated as SI 'small intestine', LPLI 'lower part of the lower intestine ' and UPLI 190 'upper part of the lower intestine'), traditional (Hadza and Malawian) and modern (Italian) IM datasets (taxa were 191
filtered to the occurrence of >3 in at least 20% of the samples resulting in the inclusion of 371 taxa) (R ꞊ 0.6110 192
indicates ANOSIM analysis which revealed significant differences (p ꞊ <0.001) between the ancient and modern IM 193 samples), D) Box-and-whisker plot indicating the relative abundance of intestinal bacterial phyla detected in the 194 BRS specimen (i.e., BRS2, BRS3 and BRS4) ('other' comprises phyla with <0.6% relative abundance), E) chart providing an overview of all environmental, commensal and pathogenic genera identified in the BRS 196 specimen (BRS2, BRS3 and BRS4) and information concerning the DNA extraction and library preparation 197 negative controls (E-LPCs) and modern and ancient sedimentary controls (SC1 and SC2) (data derived from Table  198 1, Table 2 and Table S1 ) (see Methods). 199 200
Following recovery of the specimen using latex gloves and stainless-steel forceps (whilst 201 wearing a biologically-impervious body-suit and surgical face-mask) it was sealed in a sterile plastic 202 ziplock bag and stored at ~4°C. Sediment control sample BRS1 ('SC1') was collected from the surface 203 of the rock-shelter (~25 cm above the specimen) and BRS5 ('SC2') from the levels preceding the Iron 204 Age (~25 cm below the specimen) in the Oakhurst occupation dated to c. 10 kya (27, 29) . These were 205 used as 'controls' to assess ecological and faecal community composition for biological plausibility and 206 also the likelihood of sedimentary aDNA (sedaDNA) leaching. Sub-sampling was performed in ancient 207 DNA (aDNA) laboratories at the Centre for GeoGenetics, University of Copenhagen (Denmark), 208 applying established protocols (30) (Fig. S2 ). Prior to sub-sampling, the outer surface or cortex (~5mm) 209 of the specimen was removed with a scalpel and excluded from further analyses, primarily as it was in 210 contact with surrounding sediment and could therefore have been contaminated by soil-derived microbes 211 (Fig. S2 ). To address within-sample variability, three faecal sub-samples (i.e., BRS2, BRS3 and BRS4) 212 were taken from different sites within the specimen. From the remaining one-third of the specimen, four 213 sub-samples were taken for radiocarbon ( 14 C) dating, isotopic analysis, and microscopic intestinal 214 parasitic and scanning electron microscopy (SEM) analyses. One-sixth of the specimen was preserved (at 215 -20°C) as a voucher sample ( Fig. 1b) . 216 To ascertain whether the palaeo-faecal specimen derives from a human individual, all other 217 potential source species were eliminated. Given the limited number (1, 967) of aDNA sequence reads 218 mapped to H. sapiens, likely due to the removal of the exterior cortex prior to sub-sampling (in which 219 most human-derived (nuclear and mitochondrial) DNA would be expected to reside), metagenome 220 assembly could not be performed. Morphologically, the specimen resembles several candidate species 221 (31), although no DNA sequence reads for indigenous felids (e.g., leopard (Panthera pardus), caracal 222 (Caracal caracal) etc.), mustelids (honey badger (Mellivora capensis), polecat (Ictonyx striatus) etc.), 223 jackal (Canis mesomelas) or domestic dogs (C. lupus familiaris), and none for the indigenous primates, 224 i.e., vervet monkeys (Cercopithecus aethiops) or baboon (Papio ursinus), were detected. Reads related to 225 non-human primates, i.e., Pan troglodytes (the common chimpanzee) and Macaca mulatta (rhesus 226 macaque) are likely the result of false-positive identifications, as these taxa do not currently occur in the 227 region, nor would they have in the past (32). The incidence of statistically-significant (i.e., verified 228 ancient) C-T p-values for the 1,967 reads mapped to H. sapiens supports the conclusion that the faecal 229 specimen derives from a human individual (Table S1 ). 230 To confirm the association of the faecal specimen with the archaeological context from which it 231 was recovered, two direct radiocarbon ( 14 C) Accelerator Mass Spectrometry (AMS) dates were generated 232 from two sub-samples taken from within the specimen ( (Table S2 ). This date falls within the South African Middle Iron Age (spanning 235 AD 1300-1840), follows the demise of the nearby Kingdom of Zimbabwe at c. AD 1450 (33) and closely 236 precedes first contact with European seafarers in AD 1488 (34). 237 Prior to the identification of environmental and subsistence-related taxa, all exotic taxa, 238 including kiwi (Apteryx), carp (Cyprinus), salmon (Oncorhynchus), pig (Sus), chicken (Gallus) and rice 239 (Oryza) were identified and excluded from further analyses. The evaluation of taxa present in the DNA 240 extraction (n = 1) and library preparation (n = 1) negative controls (E-LPCs) indicated that instances of 241 environmental contamination were restricted largely to taxa widely cited as either 'contaminants' or as 242 derived from false-positive identifications (35, 36) . The authenticity of microbial and macrobial 243 sequence-derived taxa was determined by statistical aDNA sequence damage estimation (37), 244 6 comparison to E-LPCs, DNA read-length characteristics and ecological conformity. Using high-quality 245 filtered reads for DNA damage estimation analyses with PMDtools (37), this process facilitated the 246 validation of forty-seven taxa represented by 1,470,662 reads as ancient (Fig. 2, Table 1 , Table 2 ) (Table   247 S1) (see Methods). Subject to the availability of sufficient numbers of high-quality 'mappable' aDNA 248 sequence reads, we employed mapDamage (38, 39) to validate the authenticity of taxa by determining 249 the incidence of C-T and G-A substitution rates at the 5'-ends and 3'-ends of strands (see Methods). 250 DNA damage analyses of sequence reads derived from the genera Bacteroides and Shigella (Fig. 2b, c ) 251 and also B. taurus and S. bicolor (Fig. 2d, e ) indicate that the nucleotide composition at the ends of the 252 analysed reads exhibits the typical pattern expected for ancient DNA (38, 39) . 253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281 p-values calculated for environmental-and subsistence-related taxa detected in BRS (1 (SC1), BRS2, BRS3, BRS4 285 and BRS5 (SC2)) (circle sizes and colours represent mapped read-counts and p-value significance) and ancient 286 DNA fragmentation patterns shown within the first 25 bp from read ends for the genera B) Bacteroides and C) 287
Shigella and the species D) Bos taurus and E) Sorghum bicolor (fragment size distributions for each taxon is 288 indicated in the grey inset and labelled b, c, d and e) (Table S1) ( Fig. S3 ).
290
In dietary terms, the Bantu-speaker agro-pastoralist diet comprised not only domesticated animal 291 and plant taxa, but also various hunted and gathered indigenous species, including antelope, fish, plants 292 and fruits (40). The presence of subsistence-related reads derived from sorghum (S. bicolor), cluster figs 293 (Ficus sur), goat (Capra hircus), sheep (Ovis aries) and beef (B. taurus) are indicative of taxa that were 294 consumed shortly before (i.e., 24 to 36 hours) stool deposition by the BRS individual. Based on bulk 295 untreated δ 13 C and δ 15 N values obtained from isotopic analyses, the individual had a predominantly C4-296 based meal with a minor C3-based contribution (see Methods). This concurs with the aDNA evidence 297 indicating the presence of sorghum, wild figs and beef. Sorghum is a C4 plant with published δ 13 C values 298 of -14.0 to -11.0‰, and cattle are grazers (i.e., C4 consumers). The δ 13 C values (-16.79‰) are higher 299 than -18‰, which is considered the threshold for a predominantly terrestrial diet. These do not however 300 preclude the occasional consumption of freshwater resources, including fish, given the close proximity 301 (~1.5 km) of the shelter to the perennial Ohrigstad River (27) ( (Table S4 ). Based on the remaining authenticated 693,082 sequence reads exhibiting an 324 average read-length of 66.83 base-pairs (bp), twenty-four ancient IM taxa (Table 1) were identified. It is 325 of interest to note that, whereas the BRS1 'surface control' sample (SC1) yielded authenticated reads 326 derived from ancient microbial IM taxa (i.e., Enterobacter, Enterococcus and Slackia), the much older 327 BRS5 control (SC2) (i.e., the Oakhurst occupation dated to c. 10 kya), did not ( Table 1 , 2) (Table S1 ). 328 The IM of the BRS individual (i.e., including only the interior sub-samples BRS2, BRS3 and BRS4) was 329 determined to be dominated by the two phyla Proteobacteria (41.73%) and Bacteroidetes (31.25 %), 330 followed by Firmicutes (13.44%), Actinobacteria (8.89%) and Euryarchaeota (4.68%) (Table 1) ( Fig.   331 1d). At genus level, the bulk (71.82%) of reads was ascribed to Enterobacter (34.45%), Bacteroides 332 (22.36%), Cellulomonas (8.68%) and Flavobacterium (6.33%). In addition to Clostridium (4.93%) and 333 Methanobrevibacter (4.68%), all other genera exhibit <5% relative abundance. We note that the use of 334 'relative abundance' as a measure of taxonomic representation has been a standard means by which 335 differences in taxonomic composition or 'abundance' in IM datasets is analysed, verified and compared, 336 and that various notable IM studies have adhered to the use of 'relative abundance' as standard analytical 337 protocol (6, 8, 9, 12, 24, 25, 44) . In addition, while cognisant of the compositional complexity of 338 microbiome samples (44) and of the possible influence of the fragmented nature of ancient microbial 339 DNA on taxonomic classification (45), we note that ancient DNA damage have been revealed to exert a 340 minimal influence on species detection and on the 'relative abundance' of IM taxa in simulated ancient 341 and modern datasets (46). 342 Table 1 . DNA sequence reads for twenty-four authenticated commensal IM taxa detected in the BRS palaeo-343 faecal specimen. Statistically-significant (i.e., verified ancient) C-T p-values are indicated in bold. BWA mapping 344 was performed using high-quality filtered reads for DNA damage estimation analyses using PMDtools ('C-T p-345 values') (see Methods). Additional read-length information for individual taxa is provided in Table S5 . 346 347 348 There is an estimated 1,407 recognised species of human pathogens (47), many of which influence not 349 only health and immune responses (48), but also cognitive development (49) and social behaviour (50). 350 On the basis of taxa detectable at sequencing depth, metagenomic comparison of the shotgun reads with 351 the NCBI BLASTn non-redundant nucleotide (nt) database using MEGAN and BWA facilitated the 352 identification of 625,001 'mappable' reads (1.34% of all sequence reads) representing twelve ancient 353 pathogenic taxa (Table 2 ). Only authenticated ancient taxa were retained (exhibiting an average read-354 length of 67.55 bp), the authenticity of which was determined by assessing the incidence of statistically-355 significant (p ꞊ <0.05) C-T substitutions at the 5' ends of sequence reads (Table 2) . 356 The occurrence of authenticated ancient reads homologous to Listeria and restricted to BRS1 357 (SC1), suggests that this taxon, although ancient, is most likely environmental (i.e., sedimentary) and that 358 it does not derive from the faecal specimen. The incidence of authenticated DNA reads for 359 Mycobacterium in BRS2, BRS3 and BRS4, and not in SC1 or SC2, is indicative of the general Table 2 . DNA sequence reads for twelve authenticated pathogenic taxa detected in the BRS palaeo-faecal 391 specimen. Statistically-significant (i.e., verified ancient) C-T p-values are indicated in bold text. BWA mapping 392 was performed using high-quality filtered reads for DNA damage estimation analyses using PMDtools ('C-T p-393 values') (see Methods). Additional read-length information for individual taxa is provided in Table S5 . 394 395 Ancient and modern IM taxonomic comparisons 396 In terms of taxonomic composition, the ancient samples (BRS and Ötzi) exhibit spatial separation from (Table 1) . 417 The F/B ratio (54) is widely considered as significant in human IM composition, with dysbiosis 418 associated with inflammation, obesity, and metabolic diseases (55). Although this significance is 419 controversial (56), we note that the BRS F/B ratio (0.4) does not resemble those reported for modern 420 'traditional' Bantu-speaking Africans in Burkina Faso (2.8) (57) nor that calculated here for the East 421 African Hadza (2.6) (8). This can likely be attributed to the fact that 'traditional' diets rich in starches 422 (e.g., potatoes, yams and sweet potatoes) have been shown to increase the F/B ratio, including increases 423 in relative abundance of Firmicutes and enzymatic pathways and metabolites involved in lipid 424 metabolism (58). 425 The IMs of modern humans have furthermore been stated to comprise one of three 'enterotypes', 426 based on prevailing genera, i.e., Bacteroides, Prevotella or Ruminococcus (59). Some taxa relate to long-427 term diets, such as Bacteroides, which is associated with the consumption of large amounts of protein 428 and animal fat, and Prevotella, which is indicative of a high plant-derived carbohydrate intake (60). 429 Similarly, Ruminococcus prevails in individuals who consume significant amounts of polyunsaturated 430 fats, e.g., marine fish, vegetable oils and nuts and seeds. The enterotypic composition of the BRS IM 431 diverges from that reported for 'traditional' Africans (8, 12, 15, 26, 57, 61) . In relation to Ruminococcus 432 (1.57%) and Prevotella (0.63%), the BRS IM is characterised by a predominance of Bacteroides 433 (22.36%) (i.e., 'Enterotype 1') which concurs with a diet rich in protein and animal fat and which lends 434 support our interpretation of the BRS Bacteroidetes-dominated F/B ratio. While this corresponds to data 435 reported for the West African BaAka (12), it differs from the IM taxonomic composition reported for 436 modern African cohorts, including the Tanzanian Hadza (8) and children in Burkina Faso (57), which 437 exhibits higher abundance of Prevotella (Fig. 1e ). The sizable incidence of Flavobacterium (6.33%) in 438 the BRS IM likely relates to the fact that members of this genus are resistant to dietary phenolic 439 compounds derived from largely 'medicinal' plant taxa, including phenolic acids, flavonoids, tannins, 440 curcuminoids, coumarins, lignans, quinones etc. (62). This genus also occurs in the IMs of non-human 441 primates, including baboons (P. ursinus) and gorillas (Gorilla gorilla) (63). In relation to its substantial 442 presence in the BRS IM, members of this genus might also have played a role in the elimination of 443 aflatoxins present in milk, cheese, grains and figs. Methanobrevibacter (4.68%) is the most abundant 444 archaeon in the human IM (64). Besides consuming fermentation products produced by saccharolytic 445 bacteria, archaeal methanogenesis also improves the efficiency of polysaccharide fermentation. 446 The BRS IM furthermore exhibits enrichment towards Cellulomonas (8.68%) which degrades 447 cellulose (65), Clostridium (4.93%) which is essential for IM resistance to infection and dysbiosis (66) 448 and Pedobacter ( (Table 1 ). ANOSIM analysis revealed significant difference (R ꞊ 0.5395; p 467 = 0.001) in the metabolic capacity of 24 authenticated ancient taxa for the ancient and modern cohorts. 468 Spearman's correlation was performed on the taxa linked to the KEGG categories (i.e., 1,487 KO gene 469 categories linked to specific IM taxa). Although not contiguous to the faecal specimen, the considerable 470 differences in the incidence of particular KEGG Orthology (KO) genes in BRS1 (SC1) and BRS5 (SC2) 471 (the younger surface-derived and the ancient Oakhurst (c. 10 kya) sediment samples), and BRS2, BRS3 472 and BRS4, eliminates the sedimentary matrix as a source for the greater proportion of KO genes 473 identified in the faecal specimen (Fig. 3) . The differential distribution of the 24 authenticated ancient IM 474 taxonomic categories (Table 1) , particularly in terms of the taxa detected in SC1 and SC2 vs. those 475 detected in the BRS specimen (BRS2, BRS3 and BRS4) (R ꞊ 0.8361; p ꞊ <0.001), lends support to this 476 conclusion ( Fig. S7 ). In SC1 (BRS1), only three taxa (i.e., Enterobacter, Enterococcus and Slackia) 477 could be authenticated as ancient. No authenticated ancient taxa were recovered from SC2 (BRS5).   478  479  480  481  482  483  484  485  486  487  488  489  490  491  492  493  494  495  496  497  498  499  500  501  502  503  504  505  506  507  508  509  510  511  512  513  514  515 Table 1 (Table S10 ). In SC1 (BRS1), only three taxa (i.e., 519
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Enterobacter, Enterococcus and Slackia) could be authenticated as ancient, and no authenticated ancient taxa were 520 recovered from SC2 (BRS5). The heat-map based on Spearman's correlation coefficients comparing differences in 521 functionality for the BRS IM (i.e., BRS2, BRS3 and BRS4) with the ancient, traditional and contemporary IM 522 datasets. 523 524 ANOSIM analysis revealed significant differences (R ꞊ 0.4840; p ꞊ <0.001) in the metabolic 525 capacity of the ancient and modern comparative cohorts ( Fig. 4a ). Based on the analyses of the KO gene 526 categories occurring only in the 24 authenticated ancient taxa (i.e., 1,487) ( In our comparison of the functional IM capacities of the two ancient (BRS and Ötzi), two 595 traditional (Hadza and Malawian) and one modern 'Western' (Italian) human IM cohorts, we also 596 focussed our analyses only on the 24 authenticated ancient IM taxa as indicated in Table 1 (Table S8, periods of low dietary intake or unintentional 'fasting' (Fig. 4d) (Table S9 ). Whether this metabolic 649 profile resembles that generally referred to as a 'palaeo-diet' is unclear, as this would have entailed the 650 exclusion of dairy, grains and legumes, nutritional categories which did indeed form part of the BRS diet. 651 The BRS IM, and also that of Ötzi, are furthermore characterized by depletion of KO genes involved in Antibiotic-resistance genes 680 Our results furthermore confirm reports of antibiotic-resistance genes (ARGs) previously recovered from 681 ethnographic cohorts and archaeological faecal samples (5, 25, 75) . Following analysis of the ancient and 682 modern resistomes using Resistome Analyser (https://github.com/cdeanj/resistomeanalyzer) (see 683 Methods), we identified a total of 15 functional ARGs, four of which occurs in the BRS IM i.e., BRS4. 684 These include the prokaryotic protein synthesis elongation factor Tu (EF-Tu) (tufA and tufB), flouro-685 quinolene-resistant DNA topoisomerase (parE) and daptomycin-resistant rpoB (Table S11) ( Fig. S9 ). (Table S12 ). In the future, the identification of these taxa and metabolic capacities might 760 have significant implications for identifying health risks specific to the sub-Saharan African Bantu-761 speaker population which has increased in prevalence with the adoption of Western diets, medical 762 treatments and exposure to modern pollutants. Given that sub-Saharan Africans living outside Africa 763 exhibits a high prevalence of complex diseases, the comparison of ancient African IM data to those of 764 modern Africans might facilitate not only retrospective disease diagnosis, but also the identification of 765 IM-related risk factors that contribute to the onset of certain diseases. 766 767
METHODS

768
Accelerator mass spectrometry (AMS) dating 769 Two sub-samples derived from the interior of the specimen were subjected to accelerator mass 770 spectrometry (AMS) dating. The samples were pre-treated using the standard acid-base-acid approach 771 (80) performed at 70°C. Carbon was oxidised using off-line combustion in the presence of excess CuO 772 and Ag, and the resulting CO 2 was reduced to graphite through Fe reduction at 600°C (81). The graphite 773 was measured at the iThemba LABS AMS facility using Oxalic Acid II and Coal as the reference and 774 background, respectively. We report 14 C ages in conventional radio-carbon years BP (i.e., before present 775 refers to AD 1950).
777
Dietary isotope analyses 778 To investigate the dietary composition of the BRS individual, one sub-sample derived from the interior 779 of the specimen were subjected to isotopic analyses. The sample was homogenised using a mortar and 780 pestle and then divided in to three sub-samples. The first was left untreated and the second was subjected 781 to a lipid extraction process using a 2:1 chloroform/ethanol solution to remove any lipids present (82). 782 The sample was covered with 25 ml of the solution and the mixture agitated in an ultra-sonic bath for 15 783 minutes and then left overnight. The solvent was then decanted and the sample dried at 70°C prior to 784 weighing for analysis. The third sample was covered with 25 ml 1% hydrochloric acid (HCl) to remove 785 inorganic carbonates (78), agitated for 15 min and left overnight. The acid was then decanted and the 786 sample repeatedly washed (6 times) with distilled water before drying at 70°C. Aliquots of the samples 787 weighing between 0.80 mg and 0.90 mg were weighed using a Mettler Toledo MX5 micro-balance. The 788 weighed material was placed in tin capsules that had been pre-cleaned in toluene. All the samples were 789 run in triplicate. Samples for isotopic analyses were combusted at 1020 °C using an elemental analyser Intestinal parasite detection 805 In addition to genomic taxonomic profiling, we also performed microscopic analysis to determine the 806 incidence of intestinal parasitic helminths and protozoa. The extraction protocols applied in palaeo-807 parasitology used to extract parasitic markers (i.e., eggs or oocysts) typically entails rehydration, 808 homogenisation and micro-sieving (83). The sub-sample (~5 g) was placed in a rehydration solution 809 comprising 50 ml 0.5% TSP solution and 50 ml 5% glycerinated water for seven days, after which it was 810 ground and passed through an ultrasonic bath for 1 minute. The sample was then filtered in a sieving 811 column comprising mesh sizes of 315 µm, 160 µm, 50 µm and 25 µm in aperture diameter. Because of 812 the typical size of most intestinal parasite eggs range from 30 µm to 160 µm long and 15 µm to 90 µm 813 wide, only the two last sieves (i.e., 50 µm and 25 µm) were subjected to microscopic analyses.
815
Scanning electron microscopy (SEM) 816 We immobilised 0.5 g palaeo-faecal material on double-sided carbon tape (SPI supplies). Excess loose 817 particles were blown off with compressed argon gas and coated with gold using an Emitech K450X 818 sputter coater (Quorum Technologies, UK). SEM images were acquired on a Zeiss Ultra Plus Field 819 Emission Scanning Electron microscopes (Carl Zeiss, Oberkochen, Germany), at an accelerating voltage 820 of 1kV.
822
Ancient DNA extraction and library preparation 823 All pre-PCR amplification steps were carried out in aDNA laboratories at the Centre for GeoGenetics 824 applying established aDNA protocols (84). Extractions for shotgun metagenome sequencing were carried 825 out using a phenol-chloroform-and kit-based extraction protocol optimized for ancient sedimentary and 826 faecal samples. This entailed dissolving a total of ~16 g of palaeo-faecal matter in 40 ml digestion buffer. 827 Seven libraries, comprising BRS1 (SC1), BRS2, BRS3, BRS4, BRS5 (SC2) and two negative controls 828 (i.e., an extraction and library preparation control referred to as 'E-LPCs') were constructed using the (Table S13 ).
836
Sequence processing and microbial taxonomic profiling 837 The potential for retrieving ancient IM data from palaeo-faecal remains is confounded by technical and 838 biological variables (14, 44, 45) . In technical terms, the detection of ˃90 microbial genera in DNA 839 extraction and library preparation controls suggest that reagent and laboratory contamination can 840 influence sequence-based IM analyses (84, 85, 86) . The choice of DNA extraction protocols can also 841 impact metagenomic compositional profiles (87). In biological terms, IM research generally focuses on 842 the microbial community of the large intestine as expressed in stools, despite the fact that the 6.5 meter 843 human digestive tract consists of three organs, i.e., the stomach, small intestine and large intestine (6). , <150 (101, 102) . In addition, DNA fragmentation rates vary 879 according to environmental conditions and the types of organisms involved (103, 104), often resulting in 880 'alternative' damage patterns (105-107). We therefore also validated the antiquity of putatively ancient 881 taxa by a statistical method that compares post-mortem damage patterns indicative of the cytosine to 882 thymine (C-T) substitutions at the 5' ends of sequence reads (37, 108). High-quality filtered reads were 883 aligned to comparative genomes (Table S13) Detecting antibiotic-resistance genes 931 The resistome is defined as the complete set of antibiotic resistant genes (ARGs) presented in a microbial 932 community, which is important for understanding the proliferation of pathogen antibiotic resistance (26). Spearman's correlation and complete linkage method for microbial taxa and antibiotic resistance genes. 955 Taxa were filtered for occurrence of >3 in at least 20% of the samples, and ARG data was filtered for the 956 occurrence of >5 in at least 20% samples. Heat-map for the KEGG orthologies linked to 24 taxa (1,487 957 categories) was produced by using Spearman's correlation and Ward-linkage method. Fig. S1 . Additional information concerning the archaeological provenance of the BRS faecal specimen. Table S1 . Sequence reads for environmental-and subsistence-related taxa detected. 987 Supplementary Tables   1889  1890  Table S1 . Mapped DNA sequence reads for environmental-and subsistence-related taxa detected in this study. 1891
Statistically-significant (i.e., verified ancient) C-T p-values are indicated in bold text. Analyses were performed 1892 using high-quality filtered read alignments against NCBI reference genomes. DNA damage estimation analyses was 1893 performed using PMDtools ('C-T p-values'). 1894 1895 Table S2 . Information concerning the two direct radiocarbon ( 14 C) Accelerator Mass Spectrometry (AMS) dates 1896 generated from two sub-samples taken from within the BRS palaeo-faecal specimen. 1897 1898 
